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© Method for producing human growth hormone. 



© The invention relates to a method of producing a human growth hormone having the amino acid sequence of 
naturally occurring human growth hormone which comprises 

a) producing in a microbial host a first polypeptide which is characterized by the presence of one or more 
additional amino acids at the N-terminus of the amino acid sequence of naturally occurring human growth 
hormone; 

b) contacting the first polypeptide so produced with an enzyme, preferably an aminopeptidase, so as to 
produce a second polypeptide having the amino acid sequence of naturally occurring human growth 
hormone; and 

c) recovering the second polypeptide so produced. 

A preferred microbial host is a bacterium, especially E. coli . 

a 
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BacKgrounu w u it v. * ■ b teria 

FtecomKnarvt DNA iKhrology permits W •°*J2£?tt, w'SfforS •*» maroorta 
"™ ™ ., th.ir N-Brrrrtars. TWs occurs because «•««*» ^« rf somatically rsmoved. 

aminopeptidases are zinc metalloenzymes. tf weignts . (For a review see 

They are comprised of several subun.ts ^£ av ° ^ 9 1971 , vol . 3 , pp. 81-118). Thus, leuone 
Demand Smith. TJjeJnzymes. ^Xo^eT^o^ weights of 255.000 1 and »W 
aminopeptidases from pig kidney and ' ^ „ not known , » is My that such ^ 

respectively. Although the exact role oi *™* n %™ demor ,* t *e that one such leucine am.nopept.dase « 
weight enzymes predominantly act »"^^ s .™ ne from met hionyl-human growth hormone (Met- 
rncapabte of selectively removing the N-terrn.nal meth.on.ne fjom * weight peptides are 

he? Some mammalian brain aminopepfdases capab^jf^ ^ng ^ approximately 100 .000. 

S membrane bound or soiub.e enzymes the ' ^^^^ met a. atom and they are extremely 
Ise enzymes often contain SH W « ^ value fo r the "processing" of meth.onyl- 

unstable. All these enzymes seem to be o a gather in. p 

polypeptide derivatives to mature polypeptides. been jn tne literat ure wrth 

StreDtomyces griseus aminopeptidase. characterized by Prescott and Wilkes [Methods in 

En Z y7r^tog746:530-543 (1976)]. and Wilkes et al [Eur. j ^ ptjdes and prote ns 

a^r totonstrate liberation or ^^^JSU. from proteins. Removal of tM«n£ 

there is no demonstration of the removal of l us * ^ if Tl residues; however, many other res.dues are also 
Sonine is demonstrated for an olWjJ* - demonstration of the activity of the enzyme 

removed, in addition to the methion.ne. F "*^; 10 ,000. There is also no indicate whethe 
«, on non-denatured hormones of 1™^™S!T™M™ ' *so. while the paper indicates several 
me reactions carried out by W.Ikes and Prescott are W»™ . , s Mp or X -Pro. where X .s 

^U Sna^ is reacted with protein. 

any'amL acid except for proline are also stop .gnaU ^ ^ by Aeromonas 

Furthermore, preliminary results .nd.cate "J protein s are "locked" into a conformafon 

* proteolytica aminopeptidase. H •*»^^JZZZZ lM L However, the methionyl form cMJ. 
^HhiTthe N-terminus .s ,naccess, ^ h is susceptible to removal by the aminopepfdase Snarly 
eucaryotic protein has a methion.ne wh.ch .s ~«epttwe N . terrfl inus. w.ll also be 

Sotic rotein derivatives ^Z^^'SZe, that Aeromonas aminopeptidase js 
susceptible to removal by the same enzyme. We .nave hormone (Met-hGH) and from 

so caS of removing the N-.erminal meth.onme jjjMrthum^ ^ ^ demonstrated ^ 
nXonine - Asp-Gln^ov^ 
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aminopeptidase una., suitable co = * 

The polypeptide analog cont« ^J^S^^ - * *• P 0 '"^ 8 a" 3 "*' , 
" TpS^ the foreign host in which the eucaryotic polypeptide analogs 

are produced is a bacterium. tamc-erature up to about 65°C. and stable 

The aminopeptidase enzyme used « P^"** « f le * .V^TebS S 8.0 to about pH 10.0. The 

or may be removed at the end of the reaction by use affirm. ^peptidase. Other 

ot seguenes ol rs»A»s when acts » d tto „,„„ X U stopping signal nwy bs sn 

em bodin,«,, in -"^ST? « Idu. Rising . rosi» «* *- 

methionine residue. removal of both methionine and leucine residues from 

residues. N-terminal amino acid residues to a polypeptide 

Another aspect of the .nvention is a method erf -add ««NW™ amin o P eptidase and a sufficient 

moiecule which comprises <^J£*g«* u "SSSt2 conditions'permitting the addition of 

Tamin 0 : ^..SE^ — > - ^ ^ 

tidase for use in this embodiment of the mvention. aminooeotidase can be hyperactivated by 

Ni(ll) is partially substituted for Zn(ll). nrodu ced bv the methods of the invention. Growth 

which comprises producing a first analog « ^™ ^li^Zdue and its adjacent amino acid residue by 
eucaryotic polypeptide, removing the N "* analog. The recovery of 

so the methods of Z^CZS^SZSi —e ^sidue J the advent amino acid 

Bri ef Description of the Drawings 
55 M w th« miPase of the N-terminal methionine from Met-hGH by 

leucine is also shown. 



35 



40 



45 



3 



EP 0 489 71 1 A2 



15 



20 



o ,^~o *ho tim« rourse for the releas of the N-terminal methionine from Met-Asp-Gln-bGH by 

leucine is also shown. 
5 Detaile d Description of the Invention 

a method of seauentially removing one or more amino acid residues from the N-terminus of an analog 

==«ES2SSSr^^ the remov* of the N-.ermina, amino acid residue = , k nown £ *ose of 

" d reCrXSana,o 9 may be any poiypeptide or ana.oo of a po.ypeptid. such as a 
hJ£ TioJe. JgU factor. Stable euc^P^ "iSKSSTTS; 
nameiy 9-—^ such M 

«. ^7^4,^ is looM adiace* M N-tefminal m.,hioni» » M «-» »» 

ssssx jzssi^ »» - — «- *« •*» ■ dd " sa,,ss p,scaain9 * e !Bpp, " £i 

55 growth hormone n»lecutes I*™*™ °* N-terminus. In another embodiment of the invention 
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have a Met-Leu-Phe-Pro sequence at their N terminus. 

In specific embodiments of the invention the eucaryotic polypeptides are analogs of bovine growth 
hormone (bGH). These analogs contain the sequences Met-Asp-GIn or Met-Phe as their N-terminaJ 
sequence. The methionine is added to the N-terminus of these growth hormones when they are produced 

5 by recombinant DNA methods in bacteria. After removal of the N-terminal methionine by aminopeptidase, 
Asp-Gln-bGH and bGH are recovered respectively. The bGH used in this experiment was the phenyalanine 
form of bGH which has a phenyalanine residue as its N-terminus in its natural state. These methods also 
apply, however, to removal of N-terminal methionine from the terminus of the alanine form of bGH, which 
contains an alanine on the N-terminus of its natural form although in this case the alanine residue may also 

10 be removed. 

A preferred embodiment of the invention concerns a method of removing the N-terminal methionine 
residue from a eucaryotic growth hormone analog such as animal and human growth hormone analogs, 
produced in bacteria by expression or a gene encoding the hormone which comprises contacting the 
growth hormone analog with Aeromonas aminopeptidase under suitable conditions permitting removal of the 

ts N-terminal methionine residue or the N-terminal methionine residue and its adjacent leucine residue. 

A specific embodiment or the invention concerns a method of removing the N-terminal methionine 
residue from a human growth hormone (hGH) analog produced in bacteria by expression of a gene 
encoding the hormone, the human growth hormone analog having a methionine residue added to the N- 
terminus of authentic human growth hormone, which comprises contacting the analog with Aeromonas 

20 aminopeptidase under suitable conditions permitting the removal of the N-terminal methionine residue. 

Another specific embodiment of the invention concerns a method of removing the N-terminal 
methionine residue and its adjacent leucine residue from a human growth hormone (hGH) analog produced 
in bacteria by expression of a gene encoding the hormone, the human growth hormone analog having a 
methionine residue followed by a leucine residue added to the N-terminus of authentic human growth 

25 hormone, which comprises contacting the analog with Aeromonas aminopeptidase under suitable conditions 
permitting the removal of the N-terminal methionine residue and its adjacent leucine residue. 

Another specific embodiment of the invention concerns a method of removing the N-terminal 
methionine residue from a bovine growth hormone analog produced in bacteria by expression of a gene 
encoding the bovine growth hormone analog, the bovine growth hormone analog having a methionine 

30 residue added to its N-terminus, which comprises contacting the analog with Aeromonas aminopeptidase 
under suitable conditions permitting the removal of the N-terminal methionine residue. 

Another specific embodiment of the invention concerns a method of removing the N-terminal 
methionine residue from an interferon analog, such as gamma-interferon, produced in bacteria by expres- 
sion of a gene encoding the interferon analog which comprises contacting the interferon analog with 

35 Aeromonas aminopeptidase under suitable conditions permitting removal of the N-terminal methionine 
residue. 

Another specific embodiment of the invention concerns a method of removing the N-terminal 
methionine residue from a somatomedin analog, such as somatomedin C, produced in bacteria by 
expression of a gene encoding the somatomedin analog, the somatomedin analog having a methionine 

40 residue added to the N-terminus, which comprises contacting the analog with Aeromonas aminopeptidase 
under suitable conditions permitting the removal of the N-terminal methionine residue. 

Another specific embodiment of the invention concerns a method of removing the N-terminal 
methionine residue from an apolipoprotein E analog produced in bacteria by expression of a gene encoding 
the analog, the analog having a methionine residue added to the N-terminus, which comprises contacting 

45 the analog with Aeromonas aminopeptidase under suitable conditions permitting the removal of the N- 
terminal methionine residue. 

The invention aiso concerns a method of adding an N-terminal amino acid residue to a polypeptide 
molecule which comprises contacting the polypeptide molecule with an aminopeptidase and a sufficient 
excess of the free N-terminal amino acid residue to be added under suitable conditions permitting addition 

so of the amino acid to the N-terminus of the polypeptide. Any aminopeptidase enzyme may be used; 
however, Aeromonas aminopeptidase is preferred. The aminopeptidase will be able to add any amino acid 
residue to the N-terminus of the polypeptide as long as that amino acid does not function as a stopping 
signal for the enzyme and it would preferably add an amino acid to the N-terminus which serves as a 
stopping signal. Since the aminopeptidase reaction is a reversible reaction, the conditions for the addition 

55 reaction are the same as that of the cleavage reaction except for the concentration of the free amino acid to 
be added. 

The activity of the Aeromonas aminopeptidase can be increased by metal substitutions. The greatest 
enhancement of activity occurs by partial or mixed metal substitutions essentially according to the methods 



5 



EP 0 489 711 A2 



10 



„ . a . and Rioohvsical Research Communications, Vol. 114. No. (pp. 646-652) 2 
J.M. Prescott et. al.. Bwehemical and Btt^h^ «^ Ni(n) <or Zn(ll) . 

(1983 ). The partial or mixed meta. -"^T ^i. methods of this invention such as 

The invention also concerns P°^*™*£ ho y rmone analogs such as Asp-G.n-bGH. 

human, bovine, porcine and chic en of a eucaryotic polypeptide which 

Another aspect of the invention l ™ ^^^'^J^ of a ge ne encoding the analog of the 

comprises providing a first ^'^^^S^^ N - te ™ nal methi0ni " e ™ ** * 
eucaryotic polypeptide. The N-term.na >mM» r ^ d ° b tne of this invention with an 

MM M reaction u> oorwMJi- T» ■^f™^ «»W ol ewtic rrfYW**. 



growth hormone. 
EXPERIMENTAL DETAILS 
20 Materials and Methods 
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Met-hGH and Met^GH were prepare '^-—^r^rT^ 
«rfn7&Tpo*^^ <£» ? £ C ba ^ o S approximate* 22,000 corresponding 

dodecyl sulfate and 2-mercaptoethanol reveals, a) (Bio-Technology General (Israel) 

to Met-Asp-G'n-oGH and a very fain t ban d w,th a s g ^ ^ ZecJ weight for the Met-Asp-Gln-bGH 
Ltd.) or lower (lot 113D) (Bio-Technology General Osr*H) L^mo ^ & ^ 

molecules; b) major band Mw approximate! y ^~^ a ^ Scanning of S.D.S. gels reveals 88-93% 
weight for the Met-hGH ^ in 'other preparations. No detectable 

purity for both P^^^^^St I judged by electrophoresis of the proteins on 80S- 
contaminating endopeptidase acuviiy w 

polyacrylamide gels after 24 hour incubation at 37-u f||trate of Aer omonas proteolytica 

"Aeromonas aminopeptidase was P re 0*f J™.^ 
obtainOTm-the American ^Type ^^^J^J^Lon procedure inc.uded the foHowing 
and Wilkes, S.H., Methods Enzymo . 46. 530 543 (wo) j f me fl|trate (367g per liter). 

35 steps: sedimentation and filtration o, ^'^^^ ^ (for 8 hrs.) to destroy endopeptidase 
acetone fractionation (43.7% tc ,70% ^l^S^oL^y on DEAE-Sephadex A-50. In al. 

^rStS^^^^^ PH 80 emp, ° yed " Pr8SC0tt 

m Vibration and e,ution from the «~ SEX « 

ZnCfe rather than 50 micromolar ZnCfe «"P^ 0 f the column with 0.1 M NaCI in 10 mM Tns- 

Sephadex A-50 column was performed by PJ^ 'S^ the sample and gradient elution with 0.6 M NaCI 
HCI, P H 8.0 containing 5 micromolar ZnCb ^^TsTlcMou increased to about 0.5M the 
in the same buffer (containing » ^^^^^ThTnTajor peak which eiuted from the column was 

„ column was eluted with 0.7M 0 ?M Naa pH M containing 5 micromo.es ZnCI* and 

collected and dialyzed against 10 >"M Tns-HC U m P ones tne enzyrn e 

then kept frozen to -20°C. Prior ■* reason w.th Qf endopeptidase activity that 

solution was incubatec a :7J for ^^Z^ after prolonged storage. For large-scale 
might have been retained « the HW»f*£ an a rearfon ™th the hormone, 

so experiments the enzyme was nabtt I at 70 C for3h P acj(j ^ aci(J 

an,S"S wi* XX Z^L Gas Phase Spencer followed by high performance 
liquid chromatography of the PTH-amino acids. 

55 Example I 

Time depende^fjh^^ 
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Prior to reaction with Met-hGH a sample of the aminopeptidas eluted from the DEAE-Sephadex A-50 
column. 0.63 mg/ml in 10 mM Tris-HCI. 0.1M NaCI, pH 8.0. was incubated at 70°C for 2h to inactivate 
traces of endopeptidase activity. The enzyme was then diluted 3:1 with 2M Tris-HCI, pH 9.5 to a final 
concentration of 0.4725 mg/ml enzyme. 

5 Met-hGH was dissolved to 8mg/ml (by weight) in 10mM Na Borate, pH 9.5. 

Nine hundred microliters of Met-hGH solution and 19 microliters of the aminopeptidase solution were 
mixed and incubated at 37°. 50 microliter aliquots were taken after 2 min, 5 min, 10 min, 15 min, 30 min, 60 
min, 2h, 4h and 22h and precipitated by adding an equal volume of 3% sulfosalicylic acid solution in water, 
incubating at 37° for 15 min and then centrifuging in an Eppendorf bench centrifuge. 50 microliter samples 

10 of the supernatant were taken for direct amino acid analysis (without acid hydrolysis). Control experiments 
were run by precipitating Met-hGH solution (8 mg/ml) alone, directly after dissolution at time to or after 
incubation of the Met-hGH alone at 37° for 4h and for 22h. Again for each of the controls 50 microliters of 
hormone solution was precipitated with an equal volume of 3% sulfosalicylic acid and 50 microliters of the 
supernatant were taken for amino acid analysis. Assuming a molecular weight of approximately 21,800 and 

is that 85% of the weighed material is hormone (5%-10% water, 90%-95% purity of hormone), each analysis 
corresponds to 7.63 nmoles of Met-hGH starting material. The amount of methionine and several other 
amino acids liberated by the enzyme are listed in Table 1 . 

The release of methionine and that of leucine are depicted as a function of time in Figure 1. The N- 
terminal sequence of Met-hGH is shown in Table IV. Polyacryiamide gel electrophoresis of the products 

20 reveals no detectable degradation of the hGH. 
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55 Example It 

Time dependence of the release of free methionine from Met-Asp-Gln-bGH by Aeromonas aminopeptidase 
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Prior to reaction with Met-Asp-Gln-bGH a sampl of the aminopeptidase eluted from the DEAE- 
Sephadex A-50 column was heated at 70°C and diluted as described in Example I. 

Met-Asp-Gln-bGH was dissolved to 8mg/ml (by weight) in 10 mM Na Borate, pH 9.5. 

750 microliters of Met-Asp-Gln-bGH solution and 32 microliters of the aminopeptidase solution were 
s mixed and incubated at 37°, 50 microliter aliquots were taken after 5 min, 10 min, 15 min, 30 min, 60 min, 
2h, 4h and 22h and precipitated by adding an equal volume of 3% sulfosalicylic acid solution in water, 
incubating at 37°C for 15 min and centrifuging in an Eppendorf bench centrifuge. Again 50 microliter 
samples were taken for amino acid analysis. Control experiments were run by precipitating Met-Asp-Gln- 
bGH solution (8 mg/ml) alone either directly after dissolution at to or after incubation at 37°C for 22h. 
io Precipitation of protein and amino acid analysis of the supernatant were carried out as described in 
Example 1. Assuming a molecular weight of approximately 22,000 and that 85% of the weighed material is 
hormone (5-10% water, 90-95% purity of hormone), each analysis corresponds to 7.41 nmoles Met-Asp- 
Gln-bGH starting material. The amount of methionine and several other amino acids liberated are listed in 
Table II. 

75 The release of free methionine as well as of leucine as a function of time is depicted in Figure 2. The 
N-terminus sequence Met-Asp-Gln-bGH is shown in Table IV. 

Polyacrylamide gel electrophoresis of the products reveals no detectable degradation of bGH analog. 
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55 Example 111 

Comparison of Aeromonas a minopeptidase and leucine aminopeptidase (Microsomal from porcine kidney, 
Sigma L5006) 
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Aeromonas aminopeptidase. 0.63 mg/ml in 10 mM Tris-HCl, 0.1 M NaCI. pH 8.0 was incubated at 70°C 
for 2h to inactivate traces of endopeptidase activity. The enzyme was then diluted 3:1 with 2M Tris-HCl, pH 
9,5 to a final concentration of 0.4725 mg/ml. 

Leucine aminopeptidase (porcine kidney, microsomal, Sigma L5006), 1 mg/ml suspension in 3.5 M 
5 (NhUfe SO*. 10 mM MgCfe, pH 7.7, 100 microliters was mixed with 0.5M Tris HCI, pH 9.5, 25 microliters 
H2O, 150 microliters, and 0.025 M MnCb. 25 microliters, and the mixture incubated at 37°C for 2h. 

Met-hGH, was dissolved 11 mg/ml in 10 mM NaBorate, pH 9.5. 

1) 290 microliters of Met-hGH solution, 11 mg/ml + 110 microliters 10 mM Na Borate, pH 9.5 + 17 
microliters Aeromonas aminopeptidase solution (final enzyme concentration: 19.3 micrograms/ml), 

10 or 

2) 400 microliters of Met-hGH solution, 11 mg/ml + 85 microliters leucine aminopeptidase activated 
enzyme + 85 microliters 0.125 M MgCfe (final incubated enzyme concentration: 49.7 micrograms/ml), 

were incubated at 37°C and 75 microliter aliquots were taken after 5 min, 3h and 22 h and precipitated with 
an equal volume of 3% sulfosalicylic acid. After incubation at 37°Cfor 15 min the mixture was centrifuged 

ts and 50 microliters of the supernatant were taken for direct amino acid analysis. Assuming a molecular 
weight of approximately 21,800 and that 85% of the weighed material is the hormone, each analysis 
corresponds to 7.46 nmoles and 7,53 nmoies Met-hGH of starting material for the reaction with the 
Aeromonas enzyme and the porcine leucine aminopeptidase respectively. 

Control experiments were run by precipitating Met-hGH with an equal volume of 3% sulfosalicylic acid 

20 after dissolution or after 22h of incubation at 37°C. The precipitated mixture was incubated for 15 min at 
37°C, centrifuged, and 50 microliters of the supernatant taken for direct amino acid analysis. The results of 
the experiment are given in Table III. These results show that the leucine aminopeptidase does not remove 
the N-terminal methionine and that the small amount of methionine released is likely due to the release from 
small peptides formed by contaminants of endopeptidase activity (see amounts of He and Leu). This 

25 conclusion is confirmed by polyacrylamide gel electrophoresis showing some degradation of the hormone 
by the enzyme after 22h incubation at 37°C. 
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Example IV 

55 Removal of N-termina) methionine from Met-Asp-G)n-bGH and preparation of the sa mple for sequence 
analysis. " "~ ~ 



2.5 ml Met-Asp-G!n-bGH, 8mg/ml in 10 mM Na Borate pH 9.5. was incubated with 106 microliters 
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enzyme, 0,4725 mg/ml in 0.5 M Tris-HCI, pH 9.5, 22h at 37°C. For the determination of the amino terminal 
sequence, 2 ml of the mixture were diluted 1:1 with 10 mM Na Borate, pH 9.5 and 1 ml 15% sulfosalicylic 
acid were added, the mixture incubated at 37°C for 15 min and precipitated by centrifugation. The pellet 
was resuspended in 5 ml 3% sulfosalicylic acid and recentrifuged. The pellet was suspended in 5 ml 10 
mM Na Borate, pH 10.5 and dialyzed against three 2 liter changes of water containing 1 ml, 0.3 ml and 1 ml 
of concentrated ammonium hydroxide, respectively, and then was dialyzed against water. The sample was 
brought to 20% acetic acid (by glacial acetic acid) and used for sequence analysis. The results of the 
sequence analysis, shown in Table IV, demonstrate that more than 95% of the molecules have the N- 
terminal sequence Asp-Gln-Phe-Pro. 

Table IV 



N-Terminal Sequences of Growth Hormone Derivatives Before and After Removal 
of N-Terminal Methionine by Aeromonas Aminopeptidase 


Growth Hormone 
Derivative 


N-terminal Sequence* 


N-terminus(%) 5 


1) Met-Asp-Gin-bGH 1 

2) Asp-Gln-bGH 2 

3) Met-hGH 

4) hGH 3 


Met-Asp-Gln-Phe-Pro 
Asp-Gln-Phe-Pro 
Met-Phe-Pro 
Phe-Pro 


Met (90-1 00) 6 
Asp { 95) 7 
Met (90-1 00) s 
Phe ( 99) 7 



1 Bovine growth hormone analog. 

2 Obtained from derivative (1) in example IV. 

3 Obtained from derivative (3) as described in example V. 

4 Amino acid sequence analysis was carried out with an Applied Biosystems Gas 
Phase Sequencer followed by high performance liquid chromatography of the 
PTH-amino acids. 

5 Determined by sequence analysis. 

6 The amount of methionine at the N-terminus of the starting products was estimated 
by the amount of free methionine liberated by reaction with the Aeromonas 
aminopeptidase after precipitation with sulfosalycilic acid and analysing the 
supernatant by amino acid analysis. 

7 The amino acid present at the N-terminus of the products was estimated from 
PTH-amino acid analysis of the 1st cycle of the sequence analysis. 



Example V 

Use of ultrafiltration or dialysis to drive the reactions 

The reactions carried out by the enzyme are reversible. Thus, removal of one of the products will tend 
to further drive the reaction to completion. We have demonstrated this by removing the liberated methionine 
residue during the course of the reaction, thus driving the reaction to further produce hGH. The liberated 
methionine residue was eliminated by ultrafiltration. 

Twelve grams of Met-hGH in 1500 ml, 10 mM NaBorate, pH 9.5, was incubated with 12.4 ml of enzyme 
0.4725 mg/ml in 0.5 M Tris-HCI, pH 9.5, at 37°C for 2h. An additional amount of 6.2 ml of the same enzyme 
solution was added and incubation at 37°C was continued for 3 1/2 h. The solution was placed for 
ultrafiltration and about 50 liters of 10 mM NaBorate, pH 9.5, were passed through the material during 4h to 
remove free methionine and drive the enzymatic reaction to completion. Incubation at 37°C was then 
continued for 12 1/2 h. Total duration of the incubation and ultrafiltration was 22h. The material was 
absorbed on DEAE-Sephacel and the resin washed with 10 mM NaBorate, pH 9.0 and then with 10 mM 
NaBorate, pH 9.0 containing 25 mM NaCl, 50 mM NaC) and 75 mM NaCI. The hormone was eluted with 10 
mM NaBorate, pH 9,0, containing 100 mM NaCI. The eluted hormone was concentrated, and dialyzed by 
ultrafiltration and lyophilized. A sample was dissolved in 20% acetic acid and subjected to sequence 
analysis. The results of analysis are shown in Table IV. The results demonstrate that in more than 99% of 
the molecules, the N-terminal methionine was removed and there was no further degradation of the protein. 
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Exampl VI 

Time dependence of the release of free methionine and free leucine from Met-Leu-hGH by Aeromonas 
aminopeptidase — 

5 

Prior to reaction with Met-Leu-hGH, a sample of the aminopeptidase eluted from the DEAE-Sephadex 
A-50 column was heated at 70°C and diluted as described in Example I. 

Met-Leu-hGH was dissolved to 8 mg/mi (by weight) in 10 mM Na Borate buffer, pH 9.0. The pH was 
raised to 10.6, then dropped to 8.8, and finally the mixture was centrifuged to remove a small amount of 

10 precipitate. The supernatant solution was used for reaction. 

One thousand microliters of the Met-Leu-hGH solution and 21 microliters of the Aeromonas aminopep- 
tidase were mixed and incubated at 37°. Seventy-five microliter aliquots were taken after 2 min., 5 min. ( 10 
min. f 30 min., 60 min., 2 h. and 22 h. and precipitated by adding an equal volume of 3% sulfosalicylic acid 
solution in water, incubating at 37° for 15 min. and then centrifuging in an Eppendorf bench centrifuge. Fifty 

?5 microliter samples of the supernatant were taken for direct amino acid analysis (without acid hydrolysis). 
Control experiments were run by precipitating the Met-Leu-hGH solution (8 mg/ml) alone with an equal 
volume of 3% sulfosalicylic acid, at a time to or after incubating the Met-Leu-hGH solution at 37° for 22 h. 
Again 50 microliters of the supernatant solutions were taken for direct amino acid analysis. The results of 
this experiment are summarized in Table V. 

20 The N-terminal sequence of Met-hGH is shown in Table IV. Polyacrylamide gel electrophoresis of the 
products reveals no detectable degradation of the hGH. 
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55 EXAMPLE VII 



Removal of Met from a commercial preparation of Met gamma-lnterferon. 
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Thirty microliters of gamma-interferon (Amgerv, lnterferon-gamma-4A; ARN 3010, batch 1), containing 
the authentic sequence of the lymphokine and having a specific activity of 1-5 x 10/ units/mg. was 
subjected to microsequence analysis. Analysis of the first three amino acids indicated that the material 
contains Met-gamma-lnterferon with the N-terminai sequence Met-Gln-Asp (with some trace of Arg found in 
5 the third cycle). 

This gamma-interferon derivative was acted upon by the Aeromonas aminopeptidase and found to 
release free methionine as determined by amino acid analysis using a particularly sensitive amino acid 
analyzer with picomole sensitivity and ortho-phthalaldehyde post-column derivatization. Note that all other 
amino acid analyses in the application were carried out at nanomole sensitivities using a Dionex D-502 
10 amino acid analyzer. All sequence analyses were carried out on an Applied Biosy stems Model 470A protein 
sequencer and followed by HPLC of the PTH-amino acids. The procedure of the removal of the methionine 
is as follows: 

Methiony l-gamma-interf eron : lnterferon-gamma4A ARN 3010, batch 1, 10 7 units/ml (1-5 x 10 7 units/mg) in 
0.04 M Tris •HCI, ph 7.0. 

75 Aeromonas aminopeptidase: (Lot 2), 0.5 mg/ml in 0.1 M NaCI-10 mM Tris-HCI 5 micromolar ZnCb, ph 

8.0 was heated at 70° for 2 h, prior to use. It was then diluted 1:9 with 0.1 M NaCI, 10 mM Tris'HCL, 5 

micromolar ZnSCU, pH 8.0, to 0.05 mg/ml enzyme. 

Procedure: 12 microliters of the gamma-interferon solution and 3 microliters of the enzyme solution 

(0.05 mg/l) were incubated at 37°C for 35 min and the mixture cooled on ice. After 30 min, 1 4 microliters of 
so the mixture were dried by lyophilization and loaded on the amino acid analysis column without further 

treatment. Control experiments were run by incubating 12 microliters of the gamma-interferon alone and 3 

microliters of the enzyme alone, at 37°C for 35 min, drying the samples as above and applying them on the 

amino acid analysis column. 

The amount of methionine released was 96 picomoles and the background of other amino acids was 
2$ fairly normal: Asp, 15 picomoles; Thr, 24 picomoles; Ser, 39 picomoies; Glu, 8 picomoles; Gly, 53 

picomoles; Ala, 23 picomoles; Val, 10 picomoles; Leu, 8 picomoles and Phe, 11 picomoles; there was 

another large contaminating peak, at the position where the enzyme reference also showed a peak. 

Relatively large background peaks of Ser and Gly were also seen on the gamma-interferon reference. 

Assuming that the specific activity of the sample is 5x1 0 7 units/mg and mol wt. for gamma-interferon of 
30 approximately 17,000, the amount of methionine released amounts to 73% of the theoretical value. If the 

specific activity of the material is lower than the above assured value, percentage of removal of Met could 

be lower. 

This experiment indicates that the N-terminal methionine can be selectively and efficiently removed 
from Met-gamma-interieron by Aeromonas aminopeptidase. 

35 

EXAMPLE VHI 

Remo val of an N-terminal Met from an interferon 

40 A recombinant interferon analog having a Met at its N-terminus was processed according to the method 
of the present invention. Met was selectively removed from the N-terminus of the molecule by the 
Aeromonas aminopeptidase. 

EXAMPLE IX 

45 

Removal of an N-terminal Met from a Somatomedin C polypeptide 

A recombinant somatomedin C polypeptide having a Met at its N-terminus was processed according to 
the method of the present invention. Met was selectively removed from the N-terminus of the molecule by 
so the Aeromonas aminopeptidase. 

EXAMPLE X 

Removal of Met from Met-Porcine Growth Hormone (PGH) and non-removal of N-terminal Ala from the 
55 mature recombinant Cu2-Zn2 human superoxide dismutase. 

Aeromonas aminopeptidase lot 2, 0.5 mg/ml (in 0.1 M NaCMOmM Tris HCI pH 8.0 was heated at 70°C 
for 2 hours prior to use, then diluted 3:1 with 2M Tris HCI, pH 9.5. 

Met-PGH (lot 5/100) and Cu2-Zn 2 human superoxide dismutase (SOD lot 1) were prepared by 
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r combinant techniques. The latter has th authentic N-terminal sequence of the mature protein exc pt that 
the N-terminal Ala is not N-Acetylated. 

Procedure: The proteins were dissolved, 8 mg/ml in 10mM sodium borate, pH 9.5. To 600 microliters of 
the protein solutions were added 34 microliters of the enzyme solution and the mixtures were incubated at 

s 37°C. Samples were taken with time and precipitated with equal volume or 3% sulfosalicylic acid and 
incubated at 37°C for 15 minutes, then centrifuged. 50 microliters of the supernatant solutions were taken 
for amino acid analysis. Control experiments were run by incubating the proteins alone at 37°C for 22h and 
proceeding with the amino acid analyses as above. Assuming 85% content of the weighed proteins and 
molecular weights of 22,000 and 16,000 (per subunit) for Met-PGH and Cii2-Zn2 superoxide dismutase, 

io respectively, the theoretical amount of N-terminal residues in each analysis are 7.31 nmoles and 10.17 
nmoles, respectively. The amount of Met and Ala released are shown in Table VI. 
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TABLE VI 

Release of Met fromMet-PGH and Ala from recombinant Cu2-2ri2 
human superoxide dismutase by Aeromonas aminopeptidase* 

Met-PGH 20 min 3 hr 2j2 hr t22 hr (control) 

Met released 1-95 2.41 4.63 • 0.11 

Recombinant . 30. min 3 hr 22 hr t22 hr (control) 
Cu2~Zn2 human 
superoxide dismutase 

Ala released .15 .32 .53 0.10 



*Under the same conditions, the release of Met from Met- 
35 hGH was essentially quantitative in 3 hours. 

There could be several reasons for the non-stoichiometric removal of Met from Met-PGH (in contrast to 
the stoichiometric removal of Met from Met-hGH). One explanation could be that the molecules could be 

40 present as non-covalently associated dimers and that the N-terminal methionine of only one of the 
molecules in the dimer is accessible to the enzyme attack, whereas the N-terminal methionine of the other 
molecule in the dimer is sterically hindered. For this reason, only about 50% - 60% of the N-terminal 
methionine residues were removed. Met-hGh, on the other hand, is monomeric, Another possibility is that in 
Met-pGH part of the molecules are still formylated and the enzyme does not remove formyl-methionine. In 

45 order to prove any of these or other possibilities further experiments would be required. 



EXAMPLE XI 



Removal of Met, Lys and Val from Apolipoprotein E by Aeromonas Aminopeptidase 
50 — 

Methionyl-Apolipoprotein E (Lot CC 017) with the N-terminal sequence Met-Lys-Val-Glu was prepared in 
E. colt and purified. It was used as a solution of 2.53 mg/ml in 5mM NH+HC0 3 . 

Aminopeptidase. Aeromonas aminopeptidase (Lot 2) was used in the experiment The enzyme, 0.5 
mg/ml in 0.1 M NaCI 10 mM Tris-HCI 5 micromolar ZnCb, pH 8.0 was heated for 2.5 hours prior to reaction 
55 with the protein. 

Procedure. 600 microliters of Methionyl-Apolipoprotein E and 12.25 microliters of enzyme were 
incubated at 37°Cand 90 microliter aliquots of the mixture were taken with time and precipitated with 10 
microliters of 15% sulfosalycilic acid in water. The mixture was incubated at 37°C for 15 minutes and 
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centrifuged. 50 microliters of the supernatant were taken for dir ct amino acid analysis (without acid 
hydrolysis). A control experiment was run by incubating the protein alone without the enzyme for 22 hours, 
and proceeding with the analysis as above. The amounts of methionine, lysine and valine released from the 
protein are given in Table VII. 

5 

TABLE VII 



Release of Met, Lys and Val from Methionyl- 

10 

Apolipoprotein E by Aeromonas Aminopeptidase 
(nmoles amino acid released) 



75 





10 


min 


30 


min 


1 h 


4 h 


22 h 


fc 22 (control) 


20 Met 


2. 


64 


2 


.77 


2.73 


2.88 


3.09 


less than 0.1 


Lys 


2. 


11 


2 


.37 


2.44 


2.64 


2.80 




Val 


1. 


87 


2 


.19 


2.10 


2.41 


3.22 


it 



25 



The amount of methionine, lysine and valine released agree with the theoretical amount expected, 
based on the specified concentration of the sample and assuming a molecular weight of approximately 
35,000 for the protein (i.e. 3.19 nmoles each). Yet, the removal of the third amino acid, Val is somewhat 

30 slower than the other amino acids. Within the first 1 hour of reaction no release of Glutamic acid could be 
observed indicating the stopping character of this amino acid for the aminopeptidase. After 22 hours of 
incubation, a small amount of degradation of the protein could be observed on polyacrylamide gel 
electrophoresis in the presence of sodium dodecyi sulfate (SDS) and 2-mercaptoethanol. This could reflect 
traces of endopeptidase activity in either the substrate or the enzyme. The SDS gels show that the new 

35 ApoE derivative, without the three amino acids Met. Lys, and Val, migrates slightly faster than the parent 
protein. Interestingly, the enzyme in the reaction mixture lost activity after incubation for 22 hours, probably 
caused by the Apolipoprotein E which is cytotoxic and may also inactivate the enzyme. With all other 
substrates tested so far, the enzyme activity in the reaction mixture is fairly well preserved after 22 hours at 
37°. 

40 

EXAMPLE XII 

Removal of Met from Met-bGH 

45 This example shows the removal of N-terminal methionine from Methionyl-bGH, where bGH is the 
phenylalanine form of bGH. having the N-terminal sequence Met-Phe-Pro. 

Met-bGH (Lot 178) was prepared in E. coli for the purpose of the present experiments. 
Aminopeptidase. Aeromonas aminopeptidase (Lot 2), 0.5 mg/ml in 0.1 M NaCI - 10 mM Tris - HCI, 5 
micromolar ZnCI 2 , pH 8.0 was preheated at 70°C for 2 h prior to use, then diluted 3:1 with 2 M Tris HCI, pH 
50 9.5 to a final concentration of 0.375 mg/ml. 

Procedure. The hormone was suspended, 8 mg/ml, in 10 mM sodium borate buffer, pH 9.5, the pH was 
raised to 12 with 1N NaOH, then lowered back to pH 9.4 with 1N HCI, then centrifuged to remove a slight 
amount of precipitate, and yielded a solution of approximately 7 mg/ml. 

One thousand microliters of the Met-bGH solution and 56.3 microliters of the enzyme solution were 
55 incubated at 37°Cand 75 microliter aliquots of the mixture were taken with time and precipitated with an 
equal volume of 3% sulfosalyciiic acid. After incubation of the mixture at 37°C for 15 min. the precipitate 
was centrifuged and 50 microliters of the supernatant taken for direct amino acid analysis (without acid 
hydrolysis). Control experiments were run by precipitating the hormone alone at time zero or after 
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incubation at 37°C for 22 h and proceeding with the analyses as above. The results of the experim nt are 
given in Table VIII. 

TABLE VIII 

s 

Release of Met from Methionyl-bGH by Aeromonas Aminopeptidase 

(nmoles Met/50 ul sample) 
10 Control 

2 5 10 30 

min min min min 1 h 2 h 4 h -22 h tg £22 

75 

3.48 3.67 3.76 3.77 3.77 3.81 4.19 4.45 0.1 0.29 

The experiment demonstrates that the reaction of Aeromonas aminopeptidase with Met-bGH is very 
20 rapid since at 20 micrograms/ml of enzyme most of the reaction is complete in 2 min. 

The stoichiometry of the reaction is about 65% as opposed to stoichiometries of 90-100% which were 
observed for the reaction of the enzyme in several reactions with two different batches of Met-hGH, with 
Met-Asp-Gln-bGH and with Met-Apolipoprotein E as well as with Met-gamma-interferon and Met- 
somatomedin. On the other hand, reaction with Met-Leu-hGH and Met-bGH showed only approximately 
25 65% of Met released/mole substrate and with Met-pGH only approximately 50%-60%. We have recently 
observed that with certain new batches of Met-Asp-Gln-bGH the stoichiometry is also in the 50-60% range. 
We previously assumed that this partial stoichiometry would be due to either a) not completely pure 
materials; b) incomplete removal of the N-formyl group by the E. coli host deformylating enzyme(s) and/or; 
c) to dimer formation of some hormones and accessibility of the enzyme to only one of the monomers in 
30 the dimer. We found indications for yet another likely explanation for the incomplete stoichiometry, namely, 
that the host E. coli processing enzyme system partially removes some of the N-terminal methionine, e.g. in 
Met-pGH and Met-bGH, before purification of the proteins. 

EXAMPLE XIII 

35 

Biological Activity of Authentic Re combinant hGH, Obtained from Met-hGH by Removal of Met with 
Aeromonas Aminopeptides 

The authentic recombinant hGH obtained from Met-hGH by reaction with Aeromonas aminopeptidase 
40 by procedures essentially the same as those described in Examples I and V including use of ultrafiltration to 
remove free methionine is biologically active and displays high activity. Thus, the batch preparation of hGH 
described in Example 1 and 2 {lot 2/100), that was derived from Met-hGH lot 1/100 has an N-terminal Phe. 
Its immunoreactivity is the same as that of pituitary hormone from frozen glands and its biological activity 
by radioreceptor binding assay is 2.1 lU/mg. In addition, another batch preparation of Met-hGH (lot 4.1.1) 
45 that was passed on an anion-exchange column to remove deamidated forms of the hormone, then treated 
with the Aeromonas aminopeptidase, using the ultrafiltration techniques to remove free methionine that was 
released during the reaction in order to drive the reaction to completion, then passed on another column of 
an anion exchanger and lyophilized, was designated lot 4.2.1 and analyzed. The results were: 

a) The first 38 amino acids for N-terminus were identical to that of the natural pituitary derived product, 
so with the amino acid at the N-terminus being Phe (at least 99%). 

b) The C-terminal residue was Phe, also identical to that of the pituitary derived product, 

c) The immunoreactivity is 1.35 times higher than that of a commercial preparation from pituitary. 

d) The activity by radio-receptor binding assay is 2.5 units/mg protein. 

55 Discussion 

The experiments and results presented above clearly demonstrate that Aeromonas aminopeptidase 
rapidly removes the N-terminal methionyl residue from Met-hGH, Met- Asp- Gln-bGH, Met-gamma-interferon, 
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Met-Somatomedin C, Met-pGH, Met-Apolipoprotein E, and Met-bGH molecules prepared by recombinant 
DNA techniques. Also, the aminopeptidase can remove the N-terminal methionine residue and its adjacent 
leucine residue from Met-Leu-hGH, prepared by recombinant DNA techniques. Precautions taken to avoid 
endopeptidase activity both from the substrate and the aminopeptidase have proven successful in the sense 
5 that the enzymatic reactions contain very little if any detectable endopeptidase cleavages (Figures. 1 and 2 
and Tables I- VI II) even after 22h of incubation of the hormones with the aminopeptidase. Thus, conditions 
under which completion of the enzymatic reaction takes place without significant endopeptidase activity are 
readily available. 

Additionally, the results of Example VI demonstrate that Aeromonas aminopeptidase can rapidly remove 
to several amino acids from eucaryotic polypeptide analogs, not only one methionyl residue. In particular, it 
has been demonstrated that the N-terminal methionyl and leucyl residues can be removed from Met-Leu- 
hGH to yield authentic human growth hormone. 

The most striking conclusion of the experiment of Example VI is that the amount of methionine and 
leucine released is the same, even after only two minutes of reaction. This is due to the fact that the leucine 
75 residue is probably being removed at a faster rate than the methionine residue. Thus, a recombinant DNA 
product of the design Met-Leu-hGH, where Met is followed by Leu, assures that the final product will be 
hGH with no detectable presence of Leu-hGH molecules. 

This experiment demonstrates that the authentic molecule can be obtained not only from a methionyl- 
derivative but also from a methionyl-x-derivative where x is another amino acid. Similarly, an authentic 
20 molecule would be obtained from (x) n -derivative where n is greater than two. 

The enzymatic reaction is specific. In the two reactions examined, there are clear Asp and X-Pro stops 
of the aminopeptidase that are in accord with the specificity of the enzyme towards small peptides. 

The reactions studied are quantitative. Confirmation of this conclusion was partly achieved by prelimi- 
nary sequence analysis where at (east 99% and 95% of the N-terminal residues of the products of reaction 
25 of the aminopeptidase and the hormones were found to be Phe and Asp for the human and bovine growth 
hormone products, respectively. Confirmation of the quantitative aspect of the reaction is confronted with 
obvious handicaps of the sequencing method (sensitivity, noise, by-products and separation limits) and the 
actual figures could be even higher than those given above. 

It should be noted in this regard that the enzymatic reaction Met-Protein Met + Protein is reversible 
30 and it could in principle be driven to synthesis by adding excess methionine or to complete hydrolysis by 
continuous removal of the amino acid. In one of the examples (Example V) demonstrating a batch 
preparation of hGH we have indeed employed ultrafiltration for several hours at a progressive stage of the 
reaction to remove free methionine and assist completion of the reaction. 

Removal of the aminopeptidase from the reacted hormone is achieved by selective absorption and 
35 desorption of the hormone to an anion-exchange resin. Other alternative ways to remove the aminopep- 
tidase after its reaction with the hormone could be the use of a water-insoluble derivative of the enzyme in a 
batch or packed in a column as well as the use of an affinity resin for the enzyme to absorb it at the end of 
the reaction. 

The procedure used for Met-hGH, Met-Asp-Gln-bGH, Met-Leu-hGH, Met-gamma-interferon, Met- 
40 somatomedin C, Met-pGH, Met-apolipoprotein E, and Met-bGH should be applicable to other growth 
hormones and polypeptides. Methods for obtaining the aminopeptidase can be improved (e.g. more 
economical process of isolation or genetically engineering the enzyme or developing microorganism 
overproducing aminopeptidase and endopeptidase-free mutants of the microorganism). Other aminopep- 
tidases of low molecular weight (less than 100,000) like Streptomyces griseus aminopeptidase and 
45 aminopeptidases which are thermostable and active at alkaline pH could possibly substitute for the 
Aeromonas enzyme. 

In addition to its action on growth hormones the aminopeptidase(s) can be useful for other recombinant 
DNA products such as hormones, growth factors, and enzymes that possess N-termina) sequences in 
accordance with the specificity of the enzyme or enzymes, e.g. somatomedins interleukin 3, interferons, 

so apolipoprotein E. Furthermore, the recombinant DNA products can be designed in a manner which would 
allow the removal of several amino acids from the N-terminus, in addition to the methionine residue. For 
example derivatives like Met-Lys-bGH, Met-Leu-Tyr-bGH and Met-Phe-Asp-Gln-bGH when acted upon by 
aminopeptidase will yield hGH, bGH, bGH and Asp-Gln-bGH, respectively. It may be also possible to use 
the enzyme to add an amino acid by using excess of the amino acid in the incubation mixture, thus driving 

55 the synthesis reaction. 

Claims 
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I. A method of producing a human growth hormone having the aminp acid sequence of naturally 
occurring human growth hormone which comprises: 

a. producing in a microbial host a first polypeptide which is characterized by the presence of one or 
more additional amino acids at the N-terminus of the amino acid sequence of naturally occurring 

5 human growth hormone; 

b. contacting the first polypeptide so produced with an enzyme so as to produce a second 
polypeptide having the amino acid sequence of naturally occurring human growth hormone; and 

c. recovering the second polypeptide so produced. 

10 2. A method of claim 1 , wherein the microbial host is a bacterium, 
a A method of claim 2, wherein the bacterium is Escherichia coli . 

4. A method of claim 1 , wherein the enzyme is an aminopeptidase. 

15 

5. A method of claim 1, wherein the first polypeptide is characterized by the presence of a methionine at 
its N-terminus. 

6. A method of producing an interferon having the amino acid sequence of naturally occurring interferon 
20 which comprises: 

a. producing in a microbial host a first polypeptide which is characterized by the presence of one or 
more additional amino acids at the N-terminus of the amino acid sequence of naturally occurring 
interferon; 

b. contacting the first polypeptide so produced with an enzyme so as to produce a second 
25 polypeptide having the amino acid sequence of naturally occurring interferon; and 

c. recovering the second polypeptide so produced. 

7. A method of claim 6, wherein the microbial host is a bacterium. 
30 8. A method of claim 7, wherein the bacterium is Escherichia coli . 

9. A method of claim 6, wherein the enzyme is an aminopeptidase. 

10. A method of claim 6, wherein the first polypeptide is characterized by the presence of a methionine at 
35 its N-terminus. 

II. A method of producing a gamma interferon having the amino acid sequence of naturally occurring 
gamma interferon which comprises: 

a. producing in a microbial host a first polypeptide which is characterized by the presence of one or 
40 more additional amino acids at the N-terminus of the amino acid sequence of naturally occurring 

gamma interferon; 

b. contacting the first polypeptide so produced with an enzyme so as to produce a second 
polypeptide having the amino acid sequence of naturally occurring gamma interferon; and 

c. recovering the second polypeptide so produced. 

46 

12. A method of claim 11. wherein the microbial host is a bacterium, 

13. A method of claim 12, wherein the bacterium is Escherichia coli . 

so 14. A method of claim 11, wherein the enzyme is an aminopeptidase. 

15. A method of claim 11, wherein the first polypeptide is characterized by the presence of a methionine at 
its N-terminus. 

55 
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FIG. 2 
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